In a preceding paper I have tried show that when one, two, or three segments are cut off from the anterior end of Allolobophora foetida, the same number is generally regenerated in a relatively short time. When four segments are removed, generally three, sometimes four new segments appear: when five segments are cut off three or four regenerate as a rule, and only occasionally do five come back. When more than five segments are cut off, sometimes five, generally less than five reappear.
In the same series of experiments I found that posterior to the twelfth segment, the regeneration of the anterior end seldom occurs. Worms that have lost more segments than this number may live for some time: the wound heals up and even an anterior opening forms, but sooner or later the majority of these die. Occasionally remarkable exceptions are found: one worm that had lost nineteen segments regenerated four or five new ones, another that had lost about thirty or forty anterior segments regenerated three new ones: and still another worm, from which thirty-five to forty segments had been cut oft', regenerated fifteen or more new anterior segments.
In regard to the power of regenerating" posteriorly it was found that only a relatively short anterior region does not seem to possess this property. It was also found that the length of life in the small anterior pieces is, in general, in proportion to their length. Pieces containing only a few segments soon die: those with more segments live longer: >>~o cases of survival of' as few segments as fifteen were ever found.,~ One anterior piece containing twenty-four segments regenerated posterior segments. From these results it seemed apparent that there is a small anterior region of the worm that is incapable of regenerating the posterior end, although this same region regenerates readily the anterior end, if this is removed. The question at once arose; is this lack of power to regenerate posteriorly due only to the small size of the piece? During the last two years I have made a series of experiments to determine this point.
The longer I have studied the process of regeneration in these worms, the more evident it has become, that a very large number of worms must be used if the results are to have any general bearing; for it is soon found that what ninety-nine worms do not seem able to do, the hundredth worm can do. In the following pages I have added a large number of records to those of my earlier account, and by making new experiments I have arrived at more general conclusions than could be reached from the earlier experiments. Soon after the appearance of the paper referred to above, HESCHELER published the results of a large number of experiments that he had carried on during the same time that I had been at work. In all essential points our results are in agreement, and since HESCHELER worked on a number of other species of earth-worms as well as on A. foctida his results show that the phenomena just stated are quite general in the group of terrieolous'Oligochaeta.
I, A number of preliminary experiments were first made in order to obtain further data ks to the size of the anterior pieces that can regenerate posteriorly. In the following table there are records of' sixty anterior ends containing 15, 20, and 25 segments. None of the fifteen pieces (of fifteen segments each) regenerated posteriorly. Three of twenty-five pieces (of twenty segments each) l~generated long posterior ends, and five of twenty pieces (of twentyfour segments each) developed posteriorly. In all, therefore, only eight of these sixty pieces developed, and then only after two months and a half. IL The following table gives the results of experiments made to determine whether the smallness of the anterior pieces could account for their lack of power to regenerate posteriorly. A short piece was first cut from the anterior cud of the worm, and then a few of the anterior segments were cut off from the piece itself. I hoped that such short pieces, that do not have the power of regenerating posteriorly, might still be able to replace the anterior segments. The preceding table shows conclusively that short pieces of the anterior end, that do not regenerate posteriorly, can still regenerate when a few segments are cut off from the anterior end. It is noticeable also that they do this very quickly. Two pieces (3--J0 segments inelusivc) began to regenerate anteriorly in twelve days, although the entire piece contained only eight segments. In another case (4--15 segments) the anterior segments began to regenerate in twelve days. In a third case (4--13 segments) it is seen that one piece seemed to have also begun to regenerate at the posterior end.
In this table there are records of 402 pieces and although 81 of these were cut off as far hack as the twentieth segment, and 86 at the thirtieth segment, yet only three of these pieces regenerated posteriorly. One of these pieces had been cut off at the thirtenth segment. These results, combined with those of my previous account leave little doubt that the more anterior pieces regenerate posteriorly only with great difficulty if at all. It seems very unlikely that a piece containing twelve or less segments can regenerate posteriorly at all, although such short pieces may still regenerate anterior segments very quickly if the anterior end has been cut off from such apiccc.
In another scries of experiments, I went over the ground of my earlier work in order to obtain more data in regard to regeneration anteriorly when a definite number of segments has, been removed. The following table gives the results from 115 posterior pieces from which 7, 15, 20, 24, 25, and 30 segments had been cut off. Feb. 29
May 13 In this table we see that after seven anterior segments were cut off (from ten worms) an anterior end of fewer segments regenerated in 4S days: that after fifteen anterior segments were cut off (from thirty worms) seven worms regenerated anterior ends in 76 days: that after twenty segments were cut off (from twenty-five worms) six regenerated in 76 days': that after 24 segments were cut off (from twenty-worms) two regenerated in 76 days: that after twentyfive segments were cut off (from fifteen worms) two had begun to regenerate in 76 days: and that after thirty segments had been cut off (from fifteen worms) at least ten worms regenerated in 76 days. Thus out of about 115 worms operated upon, only 37 regenerated anteriorly and most of the worms died without having produced an anterior end. If we compare the records of the first part of this table with those of the latter part, we see that when more segments than fifteen are cut off, only a very small percentage of the worms regenerate anteriorly. We see moreover, that when onlj; seven segments were cut off, the anterior end regenerated more rapidly (in 4S days) than when more segments were cut off (76 days).
IV.
In order to determine more ihlly the power of regeneration of different regions, twenty-five worms were cut up into pieces of about ten to fourteen segments each. First the posterior ends (containing ten to twelve segments) were cut oil', then tile same number of segments anterior to the last, etc., until each worm had had five pieces cut off. In all, each worm lost about fifty-five segments, the last cut being in most cases just behind the girdle. The twenty-five pieces from the same region were kept together under the same conditions. The following This table adds several points of interest to the preceding records. None of the posterior ends (No. I) regenerated anteriorly, although three of these lived for 139 days. It is surprising that none of the next pieces (No. II) regenerated posteriorly although some of these pieces lived much longer than the time it took more anterior segments to regenerate. The tables that follow show that such pieces may after a long time regenerate posteriorly, but only a very few pieces in any lot seem to do this, and then only after a long timel). It is all the more surprising therefore, to see that the segmcnts (No. III) just in front of the last, regenerate quite quickly the posterior end. In No. IV we see that one piece after ninety days had begun to regenerate anteriorly also. Similarly in No. V a piece began to regenerate anteriorly.
The number of worms used for this table (25) is too small, perhaps, to warrant any detailed comparisons between the different regions. The following statements may however, be made with some degree of certainly. The ten to twelve posterior segments do not even after a long time seem to be able to regenerate anteriorly, and the same statements applies to the segments (No. II) just in front ot these.
Two other experiments were made to test further the power of regeneration of the most posterior segments. In this table only the last segments of the body (No. I) and the segments just in front of these (No. II) are described. This table shows that not one of seventy-three posterior pieces (No. I) regenerated anteriorly. Moreover, none of these segments added any new segments to their posterior end. Five of these pieces containing from seven to eleven segments lived nearly four months, but showed no signs of regeneration. The table also shows that only three of the more anterior pieces (bTo. II) out of seventythree developed new segments at the posterior end, and none at the anterior end. The number of records in the two preceding tables is sufficient, I think, to show that the lack of power of the pieces next to the posterior end (h~o. II) to regenerate posteriorly, does not depend on the length of life of the piece, for such pieces in some cases live longer than the time required by pieces still further forward to develop posteriorly. This point must be further studied.
It would be interesting" to see whether the lack of power of regeneration in these pieces is due to the smallnes of the piece or to some other condition.
VI.
Another series of experiments were made with longer pieces of worms to see whether the size of the piece had any effect on the rate of regenerating posteriorly. The experiment shows that a long middle piece that has lost some of its anterior segments can regenerate posteriorly at the same rate as a middle piece that has not had the anterior end cut off.
A short piece 1) of the posterior end was cut off from five worms (Oct. 22). In less than a month a new tip measuring three to six mm. had appeared. Ten other worms had the posterior end cut off in the same way, and the anterior end was also cut off in fi'ont of the girdle. After a month these pieces had regenerated a posterior end about three mm. long', and in twenty days more the regenerated part measured six mm.
Ten worms were cut in two in the middle of the body (some distance behind the clitellum), (A), and ten other worms operated on in the same way at the same time had also the anterior end cut off in front of the girdle, (B). From the posterior end of (A) a new regenerated part appeared that at the end of a month measured about four to six mm. Such a piece was longer and better developed than those in the preceding experiment in which only the tip of the tail had been cut off. From-the posterior end of the worms in (B) a regenerated portion appeared only a little smaller than in A. After some time long new posterior ends developed in both (A) and (B). On the whole there did not seem to be much, if any, difference in regard to the rate of development of pieces that bad the anterior end entire, and those that had lost a portion of the anterior end. There is so much individual difference in the sizes of the new part in worms of the same lot that it is not safe to make very exact comparisons. It was noticed in this experiment that sometimes the newly segmenting part was thick from above down and from side to side, while in other cases the new part was quite thin. My experiments are not sufficiently numerous to show under what circumstances the one or the other sort ef growth takes place. It may be that the extent of the region that first begins to regenerate t Unfortunately the number of seg'ments removed was not recorded. may determine whether a thick or a thin mass is at first formed, and that this determines whether a large or small part will form from the part first laid down.
VII.
KORSCHELT has published the results of experiments of his student E. JOEST in grafting together pieces of different worms and even pieces of worms of different species. I have made a series of experiments to see how regeneration takes place in pieces that have been united in this way. If, for instance, two posterior ends are united (Fig. 21) , and thcn later a portion of one of these ends be cut off, will a new head or a new tail regenerate? Under ordinary circumstances a new tail would appear from such a piece, but since the double piece has already one tail and obviously needs a new head, it seemed worth finding out whether a new head would appear. Conversely if two anterior ends are united, and then a portion of one of these by cut oil', will a new head or a new tail appear?
The worms were slowly anaesthetised with chloroform under a large bell jar. They were tbcn each cut in two with a pair of small, sharp scissors, and the cut ends immediately sewed together with fine silk thread. Although Allolobophora foetida is a small worm yet if a very small needle 1) and fine strands of silk thread are used it is possible with a little practice to quickly sew the pieces together. Short pieces of silk thread with a needle at each cud were used and the worms united, by two or three threads. If posterior ends are to be united, they may be held by two threads on opposite sides. JOEST found it very difficult to keep anterior ends united, and I have had the same experience. I hoped by cutting off the more anterior segments containing the brain that such pieces would not pull apart, but in every case the worms separated sooner or later. Twenty-two posterior ends were sewed together in pairs. Of these, eleven pairs, five remained united. In most cases one of the ends had a posterior part cut off at the time ot the operation: in other cases the part was cut off after the pieces had grown together. The result was the same in all cases (Fig. 22) : a new posterior end regenerated fi'om the cut surface. This is perhaps, what we should have anticipated, but I was not without hope that since the pair had already one 1) SMITH'S No. 12.
posterior end and anus a new head might appear, as it alone was needed to make a complete (?) worm.
On second thought it seemed that this experiment was insufficient to settle the question involved because the posterior region, in which the regeneration took place, very rarely gives rise to a new head even fi'om the anterior end of a posterior piece. It seemed, therefore, necessary to unite the worms very near to the anterior ends, and then to cut off one of the cuds very near to the region of union. Here, then, the exposed surface is through a region that can not develop a tail and that can develop a head, at least it can do so when the exposed surface is at the anterior end of a piece. In only one case out of a number did I succeed in keeping two such pieces united.. The worm is living at the present time. The anterior piece consists of seven segments, but has not regenerated. It is carried around on the anterior cud of the longer piece (Fig. 23) . The longer piece has not itself regenerated: the presence of the short piece has prevented, apparently, the formation of a new anterior end.
VIII.
]{IEVEL has recently published an account of what he calls the regeneration of the fore-gut and hind-gut of some annclids. RiEVEL shows that a short time after cutting a worm in two the ectoderm grows over the cut end, the endodermal tube closes up, and the mesoderm may insert itself between endoderm and ectoderm. After some hours or days the blind end of the digestive tract pushes out toward the covering of new ectoderm and breaks through it. The endodermal tube opens, and its ends fuse with the ectoderm establishing a new ~>mouth~ or ~anus~. Since the ectoderm does not turn ill at the open end, RIEVEL claims that the ~,fore gut, and the ,qfind gut,, are formed in the ~)regenerated, worm fi'om endodcrm. RIEVEL'S Conclusion is evidently based on his peculiar idea of the regenerative process in annelids. The fistula-like openings that he describes are considered equivalent to mouth and anus, because through the one opening food-matter is taken in, and through the other waste matter is ejected. That such openings arc present in some eases is, I believe, true, but RIEVEL'S attempt to compare the tube that leads fi'om them with the real fore-gut and hind-gut seems to me unfortnnate. If such worms are kept a much longer time, than RIEVEL seems to have kept them, there sets in, in some of the pieces, a regenerative process like that which takes place in other animals. New material forms at the cut end, tlle new part becomes split up into metameres and a brain forms at the tip of the new piece! This latter process is what is generally called regeneration, but RIEVEL makes no distinction between this process and that described by him, and even proceeds to question the results of other writers (e. g. H. RANDOLPH) whose statements obviously apply to the real regenerative process. The very fact of the absence of a brain in pieces that have lost the anterior end, and the subsequent formation of the brain in the new part after the process of regeneration has finished demonstrate, I think, that this latter process is the real regenerative one. RIEVEL'S criticism of HESCHELER'S work too, is based almost entirely on RIEVEL'S own idea of the regenerative process. For instance he says: ,Auch die Regeneration des Hinterendes war an eine bestimmte Anzahl yon Scgmenten nicht gebunden; ich babe die Neubildung des Alters selbst bet KopfstUeken gefunden, die nur aus 7 bis S Segmenten bestanden, wohingegen HESCHELER angiebt, dass StUcke, die aus den ersten 15 Segmenten bestanden, meistens innerhalb der ersten Woche abstarben, einige lehteu wohl 36--40 Tage, ohne aber ein Zeichen yon Regenerationscrseheinungen zu ~tul]ern., In other words RIEVEL contrasts here his own results with HESCHELER'S on the basis of RIEVEL'S Own idea of regeneration, while it is obvious that HESCHELER interprets the process in a different way: i. e. that he takes the usual point of view in regard to the matter. The results that I have given in this account agree completely in all essential points with the statements that HESCHELER has made, and are also in agreement with my earlier results. So far as they add to previous results they show that after a long time regeneration may take place in pieces that have lost many anterior segments, and that such cases of regeneration are not so iufi'equent as HESCHELRR and I had believed. Finally I have made sections of the several of the pieces whose records are given in the preceding tables. In some of these pieces I find the anterior and posterior ends of the digestive tract open: in other pieces one or the other end may be closed over. The anterior end of some pieces that had been kept for 138 days was still closed. In some cases it appears that a new head or posterior end may regenerate, and the digestive tract still remain during the whole time open to the exterior. Whether in those cases where the end is closed at first a new opening is formed before or during the period of regeneration, I do not know.
IX.

Conclusions.
There is a small anterior region of the worm that regenerates a new anterior end quickly when it has been eut off. Beyond that region the regeneration takes plaee less often and only after a long time. In general the further posterior the worm has been cut in two, the longer it takes the posterior piece to regenerate anteriorly, and the fewer the pieees that succeed in regenerating.
A somewhat similar relation is found in regard to the regeneration of the posterior end although the possibility of regenerating this part extends over a much greater length of the worm. Only the more anterior segments seen to be incapable of regenerating posteriorly.
The point of special interest in the preeeding results is found in the length of time required for the regeneration of a given part. When a few anterior segments (1--4) are eut off, they regenerate very soon (and in the same number), when more segments are cut off a much longer time elapses before the process begins, and beyond the twentieth to the thirtieth segment a very long time is neeessary before the pieces begin to regenerate. Yet, these same regions that develop only after a long time an anterior end, can regenerate posteriorly very quickly. The most surprising result is, I think, that small anterior pieces that are incapable of regenerating poste-"riorly, can still regenerate very quickly the anterior end. This shows two important things: (1)That the lack of power (to regenerate posteriorly) of these anterior pieces does not depend directly on the size of the piece (2) that a small piece can regenerate as quickly in a certain direction as a large piece.
This last experiment illustrates also another point. The degree of complication of a part need not bear any relation to its power of regeneration, for the more complieated anterior end can develop in a piece that is incapable of regenerating the posterior end.
We see also a tendency in the pieces to regenerate only the parts that are lost. If a few segments are cut from the anterior or posterior ends, the same number generally comes back. This same tendency is seen also in pieces eut fi'om the middle of the worm. Such pieces tend to reproduce sometimes the missing anterior and posterior segments. It is as though the piece remembered the part to whieh it belonged and tried to reproduce itself in such a way Archly f. Entwickelun~smecilanik. V. 38 that it will come to occupy the same position in the new worm. Perhaps this might be stated more simply if we said, that the exposed surface tends to regenerate all the structures that lie in front of or behind it in the normal worm. Why does it take a piece longer to begin to regenerate the head~ the farther the cut surface is from the anterior end, and conversely, why does it take longer for a small anterior piece to regenerate posteriorly the nearer the cut surface to the anterior end? If the pieces are capable of regenerating at all, --and the experiment shows that some of them can regenerate after a long time, --why do they not do so at once? This result shows, I think, how insufficient is the not uncommon assumption of ~reserve(( cells that are made to account for the phenomena of regeneration. WEISMANN has even gone so far as to assume that there may be reserve cells of such a sort that they have the power to regenerate in one direction, but not in another. Even such an arbitrary assumption as this is insufficient to explain the delay in the power to regenerate at certain times.
The fa(:t that a given region can begin to regenerate in one direction almost at once and in the other direction only after a long time, and that this power is connected with the distance of the cut sm'face fl'om the anterior (or posterior) end, shows, I think, that ~e are dealing here with something that is connected with the organization of the worm itself. Perhaps for want of a better expression, we might speak of the cells of the worm as containing a sort of stuff that is more or less abundant in different parts of the body. The head stuff would gradually diminish as we pass posteriorly, and the tail stuff increase in the same direction. We should also think of this stuff in the cells as becoming active during regeneration. Where there is much of the head stuff, the cells can start sooner to regenerate anteriorly: where there is less it must increase first to a certain amount or strength before the part can begin to regenerate. I do not pretend that this explains anything at all, but the statement covers the results as they stand. It serves also to indicate that the explanation is not a question of ,reserve cclls(, or thc results of more or less differentiation of the parts, --at least, not a differentiation of cells in the usual sense of the word. Further, the term polarization does not express what I mean for what I wish to indicate, is not that the anterior end of a posterior piece ahvays regeneratcs an anterior end but that the cells contain a stnff that is more or less abundant in a given region. We must even imagine that in certain regions there is an overlapping of stuffs.
The power to regenerate is, in some cases, of the greatest use to an animal since it enables the animal, if injured, to reproduce the lost parts. It is, therefore, surprising to find the phemonenon of regeneration almost entirely neglected by the advocates of the theory of natural selection. DARWIN scarcely alludes to the matter and most of his followers make little or no reference to the subject.
WEISMANN, however, in his recent book on the Germ Plasm has opened up the question. A quotation will serve to show how successfully he has treated the matter from the selectionists' stand-point. ~,The power of regeneration in any particular part cannot depend only on the conditions which exist as regards the species under consideration: it must also be due to arrangements for regeneration which have been transmitted by the ancestors of the species. Leaving the question aside, and regarding the power of regeneration as merely depending" in each individual case on adaptation, we should arrive at some such conclusion as the following: --the provision of the cells of a certain part with supplementary determinants for the pro'poses of regeneration, depends primarily on the liability of this part tO frequent injury. .... a useless or almost useless rudimentary part may often be injured or torn off without causing processes of selection to occur which would produce in it a capacity fi)r regeneration.~ How a infinite number of injuries to a part could ever produce in it a capacity for rcg'eneration is far fi'om clear. Injured animals would be on the whole, at a disadvantage in the ,struggle fi)r existeuce~ ; if some of them have the power to regenerate already they are neither better, nor worse off, than those that have not been injured. Just how injured animals would ever be able in each generation to obtain an advantage over uninjured animals is by no means self-evident. In my experiments for instance, I find that only rarely do posterior ends of worms cut in the middle regenerate anteriorly, and even i~ those cases where this happens, thc regeneration is almost ahvays imperfect. Does this mean that "is yet an insufficient number of these worms have been injured in this way? In the course of time if more worms are injured by accidents, will Allolobophora foetida acquire a capacity for regenerating the anterior end? Are we to consider seriously this interpre{ation of the selection theory ? 38*
Summary.
1. Pieces of the anterior end of Allolobophora foetida containing less than thirteen segments rarely, if ever, regenerate posteriorly, yet such pieces can regenerate very quickly anterior segments if these are cut off. The result shows that the lack of power of the anterior pieces to regenerate posteriorly does not depend, directly, on the size of the piece.
2. Anterior ends containing fi'om thirteen (?) to thirty segments sometimes regenerate posteriorly, but only after a long time and in general, the shorter tile piece (i. e. the nearer the cut to the anterior end.) the longer tile interval before it begins to regenerate, and the fewer the pieces that regenerate at all.
3. Similarly very short posterior pieces do not regenerate anteriorly, longer pieces from tile posterior end regenerate occasionally, but only after a long interval of time. In general the shorter the posterior piece the longer the time before tile piece begins to regenerate anteriorly.
4. The experiments show that WEISMANN'S hypothesis of latent cells is'insufficient to explain the phenomena of regeneration, because it can not account for the delay in regeneration of a lost part under the circumstances given above.
5. Short pieces from the middle of the worm sometimes regenerate both anteriorly and posteriorly.
6. If a worm be cut in two pieces and then tlle anterior end be cut off again from the anterior piece, the middle piece will regenerate posteriorly at the same rate and time as though the anterior end had not been cut off.
7. If posterior ends of two worms be sewed together and if then one of the ends has a part cut off, the part that regenerates is like the part removed; i. c. a new posterior end, and not a new bead, regenerates. 
Zusammenfassung,
